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Key Words :

Pre-Rake CDMA system using multiple transmit antenna provides a good system performance without equipping a
complicated RAKE combiner at the mobile receiver. However, the performance of the Pre-Rake systems are significantly
affected by channel estimation error so that the effect of the channel estimation error should be considered and analyzed for
evaluating the system performance. In this paper, MISO(Multi-Input Multi-output) Pre-Rake CDMA system with channel
estimation error is analyzed by numerical analysis and the results are compared with that of the computer simulation. From
the numerical results, it is found that the performance of the Pre-Rake system is more affected by the phase error than the

amplitude error.

I. Introduction

In mobile communication system diversity techniques
are often used to improve the system performance in a
fading channel. Pre-Rake
Diversity can be utilized at the base station (BS) to reduce
Pre-Rake
combining method has been firstly proposed in [1] and
several transmit diversity techniques for TDD-CDMA
(Time Division Duplex-Code Division Multiple Access)
systems have been proposed in [2][3]. Pre-Rake diversity
is used not only in CDMA system but also in UWB (Ultra

As a transmit diversity,

the complexity of the mobile unit. The

Wide Band) systems. The Pre-Rake scheme for UWB
An
experimental result for Pre-Rake combiner using UWB-IR
(Impulse Radio) has been also shown in [&].

In [2] two Pre-Rake transmit diversity schemes which

communication systems are shown in [4][6][7].

utilize both path and space diversity have been proposed
for TDD-CDMA. The transmit diversity system 2 which
uses  all Pre-Rake
(MISO-Pre-Rake been analyzed for
multi-user condition in [5] and then it has been found that

antennas  for combining

system) has
the system 2 outperformed system 1, which transmits a

signal by using one selected antenna, in multi-user
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environment.

On the other hand, channel estimation is an important
factor for Pre-Rake systems since it affects a system
performance significantly. For single antenna system the
performance of Pre-Rake CDMA under imperfect channel
estimation has been studied in [9]. However, Pre-Rake
CDMA with channel estimation error has not been studied
for multi-antenna system. Therefore, in this paper, we
analyze the system performance for multi-antenna
Pre-Rake system with channel estimation error by using
simulation. The
numerical results are also compared with that of the

numerical analysis and computer
computer simulation.

This paper is organized as follows. Channel model and
channel estimation error model is described in section II
and Pre-Rake CDMA with channel estimation error is
analyzed by numerical analysis in section III. The BER
performances obtained by numerical analysis and
computer simulation are shown in section IV. Finally,

conclusion is given in section V.

I. TDD Channel

Tx. signal Channel Rx. signal

Y ‘ L 1
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Fig. 1. Pre—Rake Combining Process

Signal with channel
estimation error

B exp(jof)

signal with perfect
channel estimation

Bexpl jor)

Fig. 2. Channel Estimation Error Model

1. Channel Model

We utilize the simplified tapped delay line multipath
channel model of [10]. The reverse channels are assumed
to be statistically independent for all users. Also with the
utilization of reverse link power control, we assume that
all channels are statistically identical, even if the mobile
units are at different distances from the BS. The complex
low-pass impulse response of the channel for antenna s

of user k is given by
-1
hk.s(t) = Zﬂks.lexp(jrk.s,l)é(t_l Tc) ey
1=0

where L is the number of channel paths, the path gains
Bis. are identically ~distributed (i.i.d.)
Rayleigh random variables (r.v.’s) for all k, s and [, the

independent

angle =, are iid. uniformly distributed in [0,27) and
the 7, is the PN code chip duration. Without loss of
generality, we can take the normalization E'{ 5%,5,1}:1

2. Channel Estimation Error

In the TDD systems the channel is estimated by BS
during the uplink period and the estimated signal is used
for Pre-Rake combining in the downlink. The Pre-Rake
combining process is shown in Fig.l. In case of perfect
channel estimation the received signal shows perfect MRC
diversity combining result but in case of imperfect channel
estimation with channel estimation error the received
signal does not show perfect combining result any longer.
Even though the channel estimation is perfectly performed
in the BS, the error in channel estimation is found in the
MS (mobile station) since the mobile channel is always
time variant and the channel estimation error is depend on
how fast the channel changes.

The channel changes can be measured by Doppler
frequency and the time interval between up and downlink.
In this paper, we consider the error model of channel
estimation in [9] and show the model in Fig.2. If the
channel estimation error is considered, the estimate of the

complex paths gain B, exp(jr,,,) is given by

Bk,s,lexp(j;k,s,l) = ﬁk,s,l)‘k,s,zexp(jrk,s,z +5k,s.,l) )
where ) is a real r.v.’s, a log normal function [11] with

a 0-dB mean and variation o3, and §,,, is treated as

Gaussian .v.'s with 0 mean and variance o}.
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. MISO Pre—Rake CDMA

Fig.3 shows the transmitter model for MISO Pre-Rake
CDMA using multi-antenna. The system consists of M
multiple antennas and the same number of Pre-Rake
combiners at the BS. In the forward link, all the antennas
are used to transmit the signal. At the pre-rake combiner,
the pre-rake taps are weighted for each antenna by using
the parameters which is estimated in the previous uplink
time slot. The outputs of the pre-rake combiners are
transmitted by the corresponding antenna. For each user,

the transmit power is always kept to be equal.

Other usar
Interference

Pre-Rake 0
L]
® MS #1
- Receiver
Pre-Rake M-1
BS

Fig. 3. Base Station with MISO Pre—Rake Combiner

The downlink transmitted signal for user k can be

represented by
M=1L—

Sk EZﬂksL i b t—=1T o, t—1T] (3)

U =0i=0
- expljw( t—ch) _j’Yk,s,L—lﬂ}

where P is the transmitted power, w is the carrier
frequency, b,(¢) is the differentially encoded data stream
for user k consisting of a train of 1id data bits with
duration T which take the values of 1 with equal
probability. The current bit is denoted by b% while next or
previous bits are denoted by adding or subtracting the
superscripts by 1. a,(t) is the spreading code of user k
T

T

The normalizing factor 7 (¢) in Eq.(3) that keeps the

instantaneous transmitted power constant is given by

with +1 chips of duration 7, and code length N=

M—1L—1

=228 @

s=0n=0
In downlink, there exists channel estimation error in
MS receiver so that the Eq.(3) will turn to be

M—1L—

Sk ZZﬂksLllbk IT)aft—1T] (5

s=01=0
eprw t—1T,)— ]’Yk”e,L—lﬂ]

where
M—-1L—1

U;s', Ezﬁken (6)

s=0n=0
Assuming a CDMA system with K users, the received

signal at user 1 in downlink is given by
M=1 K I—

Rez EZsk t—jTc) -

s=0k=1j=

ﬁl,s.jexp(j’yl,s.j) +n (t)

(7
where n(t) is the zero mean AWGN (Additive white
Gaussian noise) with two sided power spectral density

N,
70. From Eq.(7), we can see that channel output includes

2L — 1 paths with a strong peak due to s, (¢) at a delay

equivalent to j+[=L—1 and only one MF(Matched
Filter) is needed to tune to this path. The output of user
1 MF is given by

P /L 1)T+T (t)a, [t —(L—1) T,Jcos [wt —w T,(L—1)]dt

=D+ S+ A+
®
where S is the self interference due to multipath, A4 is the

multiple access interference, and 7 is a zero mean

N, T
Gaussian r.v. with variance % D is the desired part

for the current hit given by the k=1 part of = (¢) and
j+l=L—1 in Eq.(8). After some manipulations D is

given by
P ~
D= 1/5 WA )

A:gg 1sj/BléjCOS 515])

Using Gaussian approximation we treat S and A4 as

where

Gaussian r.v.’s. It is readily shown that S and 4 have
zero mean, hence, we are only interested in their

variances.

1. Self Interference

This interference exists in a single user system and is
caused by multipath. From Eqgs.(5)-(8), S is found by
putting k=1 and j+I[= L—1. S can be written by
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M—1L—

2U ZZ Z ﬂlsjlsm

1 s=0j=0m=0, #J
+ COS [’LU TC(] m) +’71,s,m _Vl,s,j]

bl G Tl G- m) Tlay ()

10)

where

/OTbk[tf(jfm)TC]ak[tf(jfm)ﬂ]al ()t

L

T,y ' Gy (N=m+5) + 6,0, (G—m)], (j—m) =0

Tc[bzck,l (jfm) +bk+'lc}c,1 (N*erj)], (j*m) <0
11
In Eql), ¢, ,(m) is the discrete aperiodic
cross—correlation function defined in [12]. Denoting
C,(j—m) by  C(j—m)  and  utilizing
Cl(J'—m) =C,(m—j) we can get
M=1L—
S=T, ZZ Z ﬁlsjﬂlam

U s=0j=0m=j+1
- cos [w T,(j=m) + Y1 g = Ve
o G (N=m ) b CHN=m + ) +26] G (m — )]
(12)
Taking the second moment of Eq.(12) we can get

ES°1(B, ), (By )]

PT? ML-2 L—1
c

2U ]‘:Jﬁlsm[q(N m+J)+201(m J)}
1 s=0j=1m=j+1

pT2 M L2 L—1

EZ E Buﬁum[z]\] (m ])}

a 2Ul s=0j=1m=j+1
2

= C 1o2N—¢

2o, 2—él

13)

where
_ M-1L—2 L—1
A= legﬁlsm

s=0j=1m=j+1
_ M—=1L—2 L-1 _
é-: Z Z E B?.s,jﬁl.sﬁm(m_j)'

s=0j=1m=j+1

2. Multiple Access Interference

The multiple access interference A due to other users is
found by the k> 1 part of 7, (¢) in Eq.(8). After some
manipulation the interference is given by

61 Sjﬁksnl

—/h

+ cos [’U} 7:‘(-] - m) + ryk',,&m - 7143,]']
T
3[ﬁm—@—m»nmﬁ—u—mnwmwﬁ

K M—-1L—1L—1

EZEZ

=25=0j=0m=0

(14)

Eq.(14) can be divided into two parts. They are given by

PINEEAES v o)
m = J (15)
k=2s=1j=0 U,C

: COS(rYkﬁs,j_’ylﬁs,j)bkaﬁl(O)

(16)

P K M—1L—
VISENES 330 30>
k=2s=0j=0m=j+1 \/Fk
A Prsmeos w TG—m) + 7y s =10 ]
- [B0C, (G—m) +b Gy (N4 —m)]
+61,s.mﬁk.s<,jcos [w Tc(m —3) +’;/k.s<,j _71.54,7711
: [ka]CkJ(m_j_N)+b2Ck,1(m_j)]}
If we use orthogonal codes such as Walsh-Hadamard
codes in this system, the second moment of Eq.(15) and
Eq.(16) is given by

_ PT(QQ K M—1
EAM(B,,), (B )l = —— 20 3 an
-2 I-1 S
(S S stlaG-m+cvsi-m)
j=0m=j+1
L—2 L—1
+ Eﬂ%,s,m[czil(m—j—fv)+0§1(m—j)1}
Jj=0m=j+1
where Q is given by for all k by
_ _ ﬂz,s,j _ Bi,s,j _ 1
Q_ Qk,s,j - E[ % =E [/k - m; (18)
(j:O72)"'7-L_1) 5:1523"'7M) .

We can find this by noting that (ﬂ,m,j) are 1i.d.,, and
Q= @, for all s and j. From the definition in Eq.(6), we
can find that

M—1L—1
5=0j=0
After some manipulations, Eq.17 is found to be
PTHK—1)N(L—1)U,
B4y, (B = Lo

ALM

Assuming Z in Eq.(8) as Gaussian r.v., we can find
that the probability of error for BPSK, conditioned on
{Bl,s,l’ 31,5,1’ s=0,1,-,M—1, 1=0,1,--,L— 1}

is given by

P[€|(ﬁ1,s,l)a (5151)] = %erfc (Y).

In Eq.(20)

D? . .
a2 where Var(Z2) is the variance of the r.v.
Z. After some manipulation, Y is given by

2 - Var(n)+ Var(S) + Var(A)

(20)
Y is the signal to noise ratio given by

Y=

1_
Y '= 2
_ MG 28 | (K-DE-1DGE
AL NA NI NLMA
(21)
— PTLM . . . .
where = NS th average received signal to noise
0

ratio. The probability of error, P(e) is evaluated from Egs.
(20) and (21) using the Monte—Carlo method.

107



SR dEE S =2 K| 12 M2&

IV. BER Results

In order to evaluate the system performance, numerical
analysis as well as computer simulations are utilized and
compared with each other. For numerical analysis, the
BER is evaluated by using Monte Carlo method [13]. At
each iteration, L>x M Rayleigh rv.'s for 8,,;, LxM

Rayleigh r.v.’s for B, ,;, and L>x M Gaussian r.v."s for

51,”‘
substituted in Eq.20. For each value, Eq.20 is averaged
For
computer simulation, the parameters in Table 1 are
utilized. The time slot and the burst structures for 3GPP
TD-CDMA system are used for the computer simulation.

are computer generated. Then, Y is found and

over a sufficiently large number of iterations.

In this simulation, a long spreading code with 2% long is
also used for the Pre-Rake system. The BER results of
the computer simulation are compared with that of the

numerical analysis.

Table. 1 Simulation Parameters

Wirelss access scheme CDMA/TDD

Time slot length 0.667[ms]

Transmit chip rate 3.84 [Mchips/s]

Short: Walsh Hadamard (SF=16)

Spreading code o
Long: 2 M-sequence

Modulation BPSK

Uplink channel estimation Perfect

2, 4 Rayleigh fading

Number of paths . .
(1 chip delay, equal path gain)

Max. Doppler frequency 307120Hz

No. of antennas 174

1. Parameters for Channel Estimation Error

To compare the simulation results to that of the
numerical analysis, the parameters including the amplitude
error and the phase error should be examined. The
amplitude error can be written as

= ﬁ _ Estimated path gain for downlink measured at BS
15 Exact path gain of downlik received at MS

In this paper, the prediction method was not used for
downlink channel estimation. If there is no error in
channel estimation, the amplitude error and the phase
error will be A=1 and § =0, respectively. Fig.4 shows an
example of PDF (probability density function) for
obtained by computer simulation under the condition of

f,=30[/], 3 time slot up/downlink interval, and 10000
samples simulated. From the figure we can find that the

amplitude error shows log—normal distribution. Therefore,
A should be treated as a real r.v.'s with log—normal
distribution. Fig.5 shows an example of PDF of § obtained
by computer simulation under the
f,=30[Hz], 3 time slot up/downlink interval, and 10000

samples simulated. In this figure, it is noticed that the

condition of

distribution of phase error is not uniform but Gaussian.
Fig.6 BER versus Maximum Doppler

frequency for the case of 4 time slots (lantenna, 4 paths,

show the

luser), where the BER performance degrade as the
Maximum Doppler frequency increases. This is because
the amplitude error and phase error increase as the
Maximum Doppler frequency increases. The variances of

o3 and o5 which is related to amplitude and phase errors

are shown in Fig7 and Fig8 for varying Maximum
Doppler frequencies.

PDF of A

Simulation (4 Time slots, fd = EGHzﬂ

o
o

ty density [1/10000]
- w
=] =]

Probabili

A [dB]

Fig. 4. Example of PDF for A measured at the MS
(Simulation)

PDF of &
200

simulation (4 Time slot

Gaussian [525=OA11}

s, f, T 30 Hz)

180

ty Density [1/10000]
= =
= o
=) =)

Probabili

Fig. 5. Example of PDF for 6 measured at the MS
(Simulation)
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Fig. 8. a?; vs, Maximum Doppler frequency

2. Comparison of Simulation Result and
Analysis Result

For the Pre-Rake system with 1 antenna and single
user, computer simulation is carried out and the BER
performance is compared with that of the numerical
analysis. Fig.9 shows the BER performance for the case of
4 paths and different maximum Doppler frequency (f,). In
the figure, 4 time slots means the number of the downlink
time slots. Even though multiple time slots are allocated to
the downlink transmission, the downlink time slot used for
BER performance evaluation is located at the 4th time slot
from the uplink time slot so that the time interval between
the up and downlink becomes 3 time slots. As shown in
the figure it is noticed that the simulation results agree
well with that of the numerical analysis. Figl0O. shows the

1 antenna, 1 user

Bit Error Rate
o

o Simulation (4 paths, 4 time slots, fy = 60Hz) \
------ s Analysis (6, 2=5.71[dB], 55>=0.39)

= Simulation (4 paths, 4 time slots, fy = 30Hz)
~—x—_Analysis (c,’=2.79[dB], 65°=0.14)

0 5 10 15 20
E/Ng [dB]

Fig. 9. BER performance for 4 paths (1 antenna, 1 user)

2 antennas: 6,°=0.03[dB], 5;°=0.0025

107
102
2 10°
©
o
S
Goqg4
3]
o 8users (4 paths, 1 time slot)
1075 H *--- 8 users (analysis)
= 4 users (4 paths, 1 time slot)
—x— 4 users (analysis)
10¢ o 2users (4 paths, 1 time slot)
~-¥--- 2 users (analysis) LY .
L] 1 user (4 paths, 1 time slot) N
107 --%-- 1 user (analysis) Sy
0 5 10 15 20
E,/N, [dB]

Fig. 10, BER performance of multiuser for 2 antennas
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4 paths, 4 users, 4 time slots, fy = 30Hz (csf=2.79[dB], 052=0.14)
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= 2 antenna (Simulation) M0 L
o 3antenna (Simulation) AN
® 4 antenna (Simulation) o Ty
10 |{ = 1 antenna (Analysis) E
k k [o X
--x--- 2 antennas (Analysis) 3.&_ :
- 3 antennas (Analysis) ™. g
~%-- 4 antennas (Analysis) X,
10°® o
0 5 10 15 20

Ep/No [dB]

Fig. 11. BER Performance for various number of antennas

BER performance of multiuser for 2 antennas in the case
of low Maximum Doppler frequency (fd=16[#z], 1 time
slot). Fig.11 shows the BER performance of 4 users for
various number of antennas. From the figure it is shown
that as the number of antennas increases the BER
performance improves even if the channel estimation error

exists.

3. Multi—Antenna and Multi—User

Fig.12 shows the BER performance for amplitude error.
This is the numerical analysis results for 4 users, 4 paths,
E,/N, =14[dB] and o5 =0. As shown in the figure, up to
10[dB] the BER performance degrade gradually. Under the
condition for amplitude error it is noticed that the effect of

4 users, 4 paths, Ey/N, = 14dB, 65°=0

10"
5— 1 antenna
""" = 2 antennas
2 -e-- 3 antennas ﬂ/ﬂ"’g/
10 e 4 antennas e i
e —s—o—B8—F _go—a—8 8 &
-
m
o 102 . '
§ O .l-" " ;,,i
<] e o y
£ R B g o
i "
& 104 o @ ,,./
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b @ @B G /'/ .
."“'
&
1078 Cee e '3
Tl ——
’ ° i 15 20
,’[dBl

Fig. 12 BER performance vs. Ui[dB] (a§ =0)

4 users, 4 paths, Ey/Ny = 14dB, 6,°=0

10°
107 =
g "o
=
- e
E A -
10 - B
@ A o sy
§ ' ‘ o -
g 103 : /'-’
e e o
@ 1 ! ‘//
1074 ; /
/.»” —s&— 1 antenna
L e e = 2 antennas
o 3 antennas
s o— 4 antennas
10

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

2
Os

Fig. 13. BER performance vs. o5 (o3 =0[dB])

antenna diversity is large enough. Fig.13 shows the BER
performance for phase error. This result is the numerical
analysis one for 4 users, 4 paths, /N, =14[dB] and
03 =0[dB]. As contrast with amplitude error the BER
performance degrade rapidly as the phase error increases.

It is also found that the BER performance can be improved
by using antenna diversity for the case of phase error.

IV. Conclusion

The MISO-Pre-Rake CDMA with channel estimation
error has been analyzed for multi-user environment. The
phase error model based on Gaussian distribution has been
introduced to the numerical analysis from the result of
computer simulation, which is similar to realistic channel
condition. The BER performances have been evaluated by
theoretical analysis and compared to that of the computer
simulation. From the results, it is found that the
performance of the Pre-Rake system is more severely
affected by the phase error than the amplitude error. Even
though the Pre-Rake system is affected by the phase and
the amplitude errors, the BER performances have been

greatly improved by using the antenna diversity.
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